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© Liquid crystal device. 

® A light scattering liquid crystal device having a double structure composed of (1) a first display panel of light 
scattering type which comprises a pair of transparent substrates each having a transparent electrode layer and a 
light controlling layer formed therebetween, said light controlling layer containing a liquid crystal material and a 
transparent solid substance and (2) a second display panel comprising a pair of transparent substrates each 
having an electrode layer and a liquid crystal material filled therebetween, selected from a guest-host type liquid 
crystal display panel containing a dlchroic dye and a twisted or super-twisted nematic liquid crystal display 
panel having a pair of polarizers. The device achieves brightness and high contrast. 
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FIELD OF THE INVENTION 

This Invention relates to a liquid crystal device achieving brightness and high contrast More particu- 
larly, it relates to a liquid crystal device which can be electrically switched on or off at a high speed of 
5 response and Is useful as information display boards for advertisement and various displays demanding 
brightness, e.g., watches, calculators, and computer terminals. 

BACKGROUND OF THE INVENTION 

w Liquid crystal devices for practical use Include TN (twisted nematlc) or STN (super-twisted nematic) 
mode displays using nematic liquid crystals. Those utilizing ferroelectric liquid crystals have also been 
proposed. 

The conventional devices require a polarizer and are therefore limited in brightness of the display. 
It is known that use of a polymer film having dispersed therein microencapsulated liquid crystals makes 
15 it possible to produce large-sized and still inexpensive and high-contrast liquid crystal devices requiring 
neither a polarizer nor an alignment layer. Encapsulating materials proposed to date Include gelatin, gum 
arable, polyvinyl alcohol, etc. as disclosed in JP-W-58-501831 (the term "JP-W" as used herein means an 
"unexamined published international patent application") and U.S. Patent 4,435.047. Such polymer-liquid 
crystal dispersed systems also include a dispersion of liquid crystals In an epoxy resin matrix (JP-W-61- 
20 5021 2B), a film in which phase separation between liquid crystals and a polymer Is fixed on exposure to 
light (JP-A-81 -305528; the term "JP-A" as used herein means an "unexamined published Japanese patent 
application M ), a dispersion of liquid crystals in a special ultraviolet-curing polymer (JP-A-62-2231), and a 
process for filming a mixture of polyester, liquid crystals, and a solvent (JP-A-63-1 44321). 

However, the liquid crystal devices obtained by the techniques disclosed in JP-W-58-501631 , JP-W-61- £ 
25 502128, and JP-A-61-2231 need a high driving voltage of at least 25 V and. in most cases, from 50 to 200 
V lor obtaining sufficient transparency. Further, the contrast ratio achieved with the liquid crystal devices 
disclosed in JP-A-61-305528 and JP-A-1-82815 is 10 at the highest and, In most cases, 8 or less, which is 
below the level required for practical use. 

In order to satisfy the above-described. characteristics of liquid crystal devices which are important for • 
so practical use, i.e.. low power driving properties, high contrast, and multiplex driving properties. JP-A-1- 
198725 discloses a liquid crystal device having such a structure that a liquid crystal material lorms a 
continuous phase In which a polymer forms a three-dimensional network. 

The disadvantage of the above-mentioned light scattering type liquid crystal devices, when used as a 
display panel, is that the background black or any other color Is not cut off even with no voltage applied and 
35 is slightly visible through opaqueness because ol utilization of light scattering. This has made display of 
direct view type difficult, and particularly made full color display Impossible. 

SUMMARY OF THE INVENTION . . 

<o Accordingly, an object of the present Invention Is to provide a light scattering liquid crystal device which 
achieves a black-and-white (hereinafter abbreviated as B/W), color, or full color display of direct view type 
without Involving see-through of the background black or any other color on an opaque surface of a display 
with no voltage applied. 

ThB present invention provides a light scattering liquid crystal device having a double structure 
46 composed of (1) a first display panel of light scattering type which comprises a pair of transparent 
substrates each having a transparent electrode layer and a light controlling layer formed therebetween, said 
light controlling layer containing a liquid crystal material and a transparent solid substance and (2) a second 
display panel comprising a pair of transparent substrates each having an electrode layer and a liquid crystal 
material filled therebetween. 

so In a first embodiment of the present invention, the second display panel is a guest-host type liquid 
crystal display panel containing a dichrolc dye. 

In a second embodiment of the present invention, the second display panel, is a twisted nematic liquid 
crystal display panel having a pair of polarizers. 

Where a twisted nematic liquid crystal display element usually employed atone for B/W display is used 
55 as the twisted nematic liquid crystal display panel, the device makes a clear B/W display. 

In the first embodiment, where the guest-host type second panel has a color lliter, the device makes a 
full color display. 

In the second embodiment, where at least one of the polarizers of the second panel is a color polarizer, 
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the device makes a color display, or where the second panel has a color filter, the device makes a full color 
display. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a cross section of the B/W light scattering type liquid crystal device according to the 
present Invention In which the second display panel contains a dichroic dye. 

Figure 2 Illustrates a cross section of the full color light scattering type liquid crystal device according to 
the present invention In which the second display panel contains a dichroic dye. 

Figure 3 illustrates a cross section of the B/W light scattering type liquid crystal device according to the 
present Invention In which a pair of polarizers are perpendicular to each other. 

Figure 4 illustrates a cross section of the B/W light scattering type liquid crystal device according lo the 
present Invention In which a pair of polarizers are parallel to each other. 

Figure 5 Illustrates a cross section ot the color light scattering type liquid crystal device according to 
the present Invention in which a pair of polarizers are perpendicular to each other. 

Figure 6 Illustrates a cross section ol the color light scattering type liquid crystal device according to 
the presenl Invention in which a pair of polarizers are parallel to each other. 

Figure 7 illustrates a cross section of the full color light scattering type liquid crystal device according to 
the present Invention In which a pair of polarizers are parallel to each other. 

Figure 8 illustrates a cross section of the full color light scattering type liquid crystal device according to 
the present invention In which a pair of polarizers are perpendicular to each other. 

DETAILED DESCRIPTION OF THE INVENTION 

*fi The present Invention is illustrated by referring to the accompanying drawings. 

The double structure of the devices having a guest-host type liquid crystal display panel are shown in 
Figs. 1 and 2, The device of Fig. 1 has is for B/W display, and that of Fig, 2 has a color filter for full color 
display. Numerals In these figures indicate the following element: 
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35 

Panel A Is the first display panel of light scattering type, and panel 6 Is the second display panel of 
guest-host type containing a dichroic dye. 

In Fig. l-(a) In which no voltage Is applied to panel A, light incident on the side of panel A Is scattered 
In light controlling layer 5 to make white turbidity, while some light going straight enters into panel B to 
40 which a voltage Is applied, Is transmitted therethrough without being substantially absorbed by black 
dichroic dye 4, and reflected on white reflective plate 7 on the back side whereby the device gives a white 
vision when seen from the side of panel A. 

In Fig, t*(b) in which a voltage Is applied to panel A; Incident light is transmitted through light controlling 
layer 5 and enters Into panel B to which no voltage is applied. In panel B, incident light is absorbed by 
45 black dichroic dye 4, whereby the device gives a black vision when seen from the side of panel A, The 
same mechanism applies to a transmission display device in which a back light is set on the background of 
panel B. In order to make the black color clearer, a polarizer may be provided between panels A Bnd B or 
on the back side of panel B. 

In Fig. 2-(a) In whfch no voltage Is applied to panel A, Incident light is scattered in light controlling layer 
bo 5 to make white turbidity, while some light going straight enters Into panel B with no voltage applied thereto. 
In panel B, the Incident light Is absorbed by black dichroic dye 4 so that the color of RGB color filter 8 Is 
not visible from the side of panel A. 

In Fig. 2-{b) In which a voltage is applied to panel A, Incident light Is transmitted through light controlling 
layer 5 and enters Into panel B with a voltage applied thereto. The Incident light is transmitted through 
55 panel B and RGB color filter 8 without being substantially absorbed by black dichroic dye 4 so that the 
color of RGB Alter 8 Is visible from the side of panel A. The same mechanism applies to a transmission 
device in which a back light is set on the back side. A polarizer may be provided between panels A and B 
or on the back side of panel B. 
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The double structure of the liquid crystal device in which the second display panel is a twisted nematic 
liquid crystal display panel having a pair of polarizers is shown In Figs. 3 through 8. 

In Fig. 3, numeral 9 indicates a polarizer; panel A Is a light scattering type first liquid crystal display 
panel; and panel B Is a twisted nematic type second liquid crystal display panel. The two polarizers 9 are 
s perpendicular to each other. 

In Rg. 3-(a) in which no voltage Is applied to panel A, incident light Is scattered In light controlling layer 
5 to make white turbidity, while some light going straight enters Into panel B with no voltage applied thereto. 
The incident light is transmitted through panel B while being polarized at an angle of 00 • by twisted liquid 
crystal 3 and reflected by white reflective plate 7 on the back side, whereby the device looks white when 
to seen from the side of panel A. 

In Fig. 3-(b) in which a voltage is applied to panel A, Incident light is transmitted through light controlling 
layer 5 and enters into panel B with a voltage applied thereto. The incident light is cut off by a pair of 
polarizers 9 perpendicular to each other, whereby the device gives a black vision when seen from the side 
of panel A. 

re While the device of Fig. 3 is ol a reflection type, the same mechanism also applies to a device of 
transmission type in which reflective plate 7 is not provided and a back light is set Instead at the back of 
panel B. 

In Fig. 4, panel A is a first liquid crystal display panel of a light scattering type, and panel B is a second 
liquid crystal display panel of twisted nematic type in which a pair of polarizers 9 are parallel to each other. 
20 In Rg. 4-<a) In which no voltage Is applied to panel A, and a voltage is applied to panel B, Incident light 
is scattered in light controlling layer 5 of panel A to make white turbidity while some light going straight , 
enters into panel B. The incident light is transmitted through panel B and reflected on white reflective plate 
7, whereby the device looks white when seen Irom the side of panel A. 

In Fig. 4-(b) in which a voltage is applied to panel A, and no voltage is applied to panel B, incident light 
28 is transmitted through light controlling layer 5 and enters into panel B, where it is polarized at an angle of 
90' by twisted light crystal material 3 and cut. off by a pair of parallel polarizers 9, whereby the deyipe 
gives a black vision when seen from the side of panel A. 

" While the device of Fig. 4 Is of a reflection type, the same mechanism also. applies to a device of a 
transmission type In which reflective plate 7 Is not provided and, instead, a back light Is set on the back 
30 side of panel B. 

Figs. 5 and 6 show the liquid crystal device of the present invention (or color display, In which numeral 
10 is a color polarizer. 

In Fig. 5, panel A is a first liquid crystal display panel of a light scattering type, panel B is a second . 
liquid crystal display panel of a twisted nematic type, and a pair of polarizers 9, 10 are perpendicular to 
as each other. 

' In Fig. 5-(a) In which voltage Is applied to neither panel A or panel B, incident light Is scattered in light 
controlling layer 5 of panel A to make white turbidity, while some light going straight enters into panel B. 
The Incident light on panel B Is transmitted therethrough while being polarized at an angle of 90* by 
twisted liquid crystal material 3 and reflected on white reflective layer 7, whereby the device looks white 
ao when seen from the side of panel A. 

In Fig. 5*(b) In which a voltage is applied to both panels A and B, Incident lighl is transmitted through 
panel A and enters into panel B and cut off by a pair of polarizers 9, 1b, whereby the device makes a color 
display when seen from the side of panel A. 

While the device of Rg. 5 is ol a reflection type, the same mechanism also applies to a device of a 
<& transmission type in which reflective plate 7 is not provided and, Instead, a back light is provided on the 
back side of panel B. 

in Fig. 6, panel A is a first liquid crystal display panel of light scattering type, panel B is a second liquid 
crystal display panel of a twisted nematic type, and a pair of polarizers 9, 10 are parallel to each other. 

In Fig. 8-(a) In which no voltage is applied to panel A, and a voltage Is applied to panel B, Incident light 
w Is scattered in light controlling layer 6 of panel A, while some light going straight enters into panel B. The 
incident light on panel B is transmitted therethrough and reflected on white reflective layer 7, whereby the 
device looks white when seen from the side of pane) A. 

In Rg. 6-(b) In which a voltage Is applied to panel A, and no voltage Is applied to panel B, incident light 
is transmitted through panel A and enters into panel B, where it is polarized at an angle of 90* by liquid 
66 crystal material 3 and cut off by a pair of parallel polarizers 9, 10, whereby the device makes a color 
display when seen from the side of panel A. 

While the device of Rg. 6 is of a reflection type, the same mechanism also applies to a device of a 
transmission type in which reflective plate 7 Is not provided and, Instead, a back light is proved on the back 
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side of panel B. 

Figs. 7 and 8 show the liquid crystal device of the present Invention which has a color filter for full color 
display. 

In Fig. 7, panel A is a first liquid crystal display panel of a light scattering type, panel B Is a second 
5 liquid crystal display panel of a twisted nematic type, and a pair of polarizers 9 are parallel to each other. 

In Fig. 7-(a) In which a voltage is applied neither to panel A or panel B, incident light Is scattered by 
light controlling layer 5 ol panel A to make white turbidity, while some light going straight enters Into panel 
B, where it is polarized at an angle of 90* by twisted liquid crystal material 3 and cut off by a pair of 
polarizers 9, whereby the color of RGB color filter 8 Is not visible from the side of panel A. 
jo in Fig. 7-{b) in which a voltage Is applied to both panels A and B, incident light is transmitted through 
panel A and enters into panel B, where it is transmitted through RGB color filter 8 to make the color of RGB 
color filter B visible from the side of panel A. 

While the device of Fig. 7 Is of a reflection type, the same mechanism also applies to a device of a 
transmission type In which reflective plate 7 Is not provided and, Instead, a back light is proved on the back 
ie side of panel B. 

In Fig. 8, panel A is a first liquid crystal display panel of a light scattering type, panel B is a second 
liquid crystal display panel of a twisted nematic type, and a pair of polarizers 9 ere perpendicular to each 
other. 

In Ffg. 8-(a) In which no voltage is applied to panel A, and a voltage is applied to panel B, incident light 
20 Is scattered by light controlling layer 5 of panel A to make white turbidity, while some light going straight 
entered Into panel B, where it is cut off by a pair of perpendicular polarizers 9, whereby the color of RGB 
color filter 8 Is not visible from the side of panel A. 

In Fig. 8-(b) in which a voltage Is applied to panel A, and no voltage is applied to panel B t incident light > 
Is transmitted through panel A and enters Into panel B, where it Is transmitted therethrough while being 
26 polarized at an angle of 90' by twisted liquid crystal 3 and then transmitted through RGB color filter 8, 
whereby the color of RGB color filter 8 is visible from the side of panel A. 

While the device of Fig. 8 Is of a reflection type, the same mechanism also applies to a device of a 
transmission type In which reflective plate 7 Is not provide and, instead, a back light is provided on the back 
of panel B. 

oq The light scattering liquid crystal devices shown In Figs. 1 through 8 ere excellent In contrast. If desired, 
a display with excellent grey scale level can easily be obtained by merely changing the manner o1 
combination of the two panels in each case with the driving circuit being unchanged. 

In the twisted mode liquid crystal display panel according to the present Invention, the twist angle is not 
limited to 80 • and it is preferably In the range of 70 to 1 1 0 • . 

as The second display panel according to the present Invention Is not limited to a twisted nematic mode 
liquid crystal display panel and it may be a super-twisted nematic mode liquid crystal display panel, the 
twist angle of which is preferably in the range of 180 to 270 # . 

The light scattering liquid crystal device having a double structure according to the present invention 
can be used with a conventionally known active device, In this case, the active device can be used either In 

40 . the first or second display panel. It Is preferred, however, to use the active device in the first display panel. 
In this case, though various nematic liquid crystal display panels can be used as the second display panel, 
it Is preferred to use a super-twisted nematro mode liquid crystal display panel which has a retardation film 
and a pair of polarizers. 

Substrates which can be used in the present invention include hard materials such as glass and flexible 
<e materials such as synthetic resin films. A pair of substrates are assembled to face to each other with an 
appropriate gap therebetween. The substrates should be transparent so that the entire or part of the 
supported liquid crystal layer and light controlling layer containing a transparent solid substance may be 
visible from the outside. 

In cases where a flexible material, such as a synthetic resin film, Is used as a substrate, It can be used 
60 as fixed on a hard material. 

A spacer for gap retention may be Incorporated between the two substrates as is usual In conventional 
liquid crystal devices. Examples of useful spacers are Mylar, alumina, rod type glass fiber, glass beads, 
polymer beads, etc. 

The liquid crystal material which can be used in the present Invention Includes not only a single liquid 
5s crystal compound but of course a mixture comprising two or more liquid crystal compounds and, If desired, 
other substances. All the materials recognized as liquid crystal materials In the art can be employed. 
Among them, those having a positive dielectric anisotrppy are preferred. Liquid crystals to be used 
preferably Include nematic liquid crystals, smectlc liquid crystals, and cholesteric liquid crystals, with 
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nematic liquid crystals being particularly preferred. For the purpose of Improving performance properties, 
the liquid crystals may contain chlral compounds, e.g., chlral dopants, cholesterlc liquid crystals, chiral 
nemalic liquid crystals, and chlral smectic liquid crystals, 

More specifically, liquid crystal materials. which can be used In the present invention Include composl- 

6 tlons comprising liquid crystal compounds appropriately selected from among the following compounds 
taking into consideration desired characteristics, such as an isotropic liquid-liquid crystal phase transition 
temperature, a melting point, a viscosity, birefringence (An), dielectric anisotropy (Ac), and misclbllity with a 
polymerlzable composition. 

Examples of useful liquid crystal compounds are 4-substltuted benzoic acid ^-substituted phenyl 

jo esters, 4-substltuted cyclohexeneca/boxyllc acid ^-substituted phenyl esters, 4-substltuted cyclohexanecar- 
boxylic acid 4'-substituted biphenyl esters, 4-(4-substltuted cydohexanecarbonyloxyjbenzojc acid ^-substi- 
tuted phenyl esters, 4-(4-substituted cyclohexyl)benzoic acid 4'-substituted phenyl esters, 4-(4-substituted 
cyclohexyl)benzoic acid ^-substituted cyclohexyl esters, 4-substltuted-4 , -substituted blphenyls, 4-substl- 
tuted phenyl-4'-substituted cyclohexanes, 4-substituted 4"-substltuted terphenyls, 4-substituted biphenyl-4'- 

75 substituted cyclohexane, and 2-(4-subsMuted phenyl)-5-substltuted pyiimidines. 

The light controlling layer of the first panel Includes a dispersion of microcapsules of liquid crystals 
obtained by encapsulation with polyvinyl alcohol, etc, as disclosed in JP-W-58-5D1831, a dispersion of 
liquid crystal droplets In an epoxy resin matrix as disclosed In JP-W-61-502128, a dispersion of liquid 
crystal droplets in a photocured polymer which is obtained by phase separation by exposure to light as 

20 disclosed in JP-A-6 1-305528, and a continuous phase of a liquid crystal material In which a polymer forms 
a three-dimensional network as disclosed in JP-A-M98725. For example, a light controlling layer compris- 
ing a continuous phase of a liquid crystal material in which a polymer forms a three-dimensional network 
preferably contains at least 60% by weight, and particularly from 70 to 90% by weight, of the liquid crystal.? 
material, 

26 The transparent solid substance forming a network structure in the light controlling layer preferably 
Includes thermosetting resins and ultraviolet curing resins obtained by polymerization of polymer-forming 
monomers or oligomers. 

Specific examples of the polymer-forming monomers are styrene and derivatives thereof, e.g., 
chlorostyrene, a-methylstyrene, and divinylbenzene; acrylates, methacryiates or fumarates having a sub- 

ao slituent, e.g., methyl, ethyl, propyl, butyl, amyl, 2-ethylhexyl, octyl, nonyl, dodecyl, hexadecyl, octadecyl, 
cyclohexyl, benzyl, methoxyethyl, butoxyethyi, phenpxyethyl, ajlyl, methallyl, glycldyl, 2-hydroxyetbyl, 2- 
hydroxypropyl, 3-chloro-2-hydroxypropyl, dimethylamlnoethyl, and dlethylaml.noethyl; a mono- or poly- 
(meth)acrylete of ethylene glycol, polyethylene glycol, propylene glycol, polypropylene glycol, 1,3-bulylene . 
glycol, tetramethylene glycol, hexamethylene glycol, neopentyl glycol, trimethylolpropane, glycerin, or 

06 pentaerythrrtol; vinyl acetate, vinyl butyrate, or vinyl benzoate, acrylonitrile, cetyl vinyl ether, limonene, 
cyclohexene, diallyl phthalate, dialjyl Isophthalate, 2-, 3-, or 4-vlnylpyrldlne, acrylic add, methacrylic acid, 
acrylamlde, methacrylamide, N-hydroxymelhylacrylamide or N-hydroxyethylmethacrylamide or an alkyl 
ether thereof; a dl(meth)acrylate of a diol obtained by addition of 2 or more , mols of ethylene oxide or 
propylene oxide to 1 mo) of neopentyl glycol; a dl- or tri(meth)acrylate of a trio) obtained by addition of 3 or 

40 more mols of ethylene oxide or propylene oxide to t mot of trimethylolpropane; a dl(meth)acrylate of a diol 
obtained by addition of 2 or more mols of ethylene oxide or propylene oxide to 1 mol of bisphenol A; a 
reaction product between 1 mol of 2-hydroxyethyl (meth)acrylate and 1 mol of phenyl isocyanate or n-butyl 
isocyanate; and dipentaerythrltol poly(meth)acrylate. Preferred ol them are trimethylolpropane trlacrylate, 
tricyclodecanedimethylol diacrylate, polyethylene glycol diacrylate, polypropylene glycol dlacrylate, hex- 

as anediol diacrylate, neopentyl glycol diacrylate, and trls(acryloxyelbyl) Isocyanurate. 

Specific examples of the polymeMormlng oligomers include caprolactone-modified hydroxyplvalic ester 
neopentyl glycol diacrylate. 

Polymerization initiators to be used include 2-hydroxy-2-methy)«1-phenylpropan-1-one ("Darocure 1173" 
produced by Merck Co.), 1-hydroxycyclohexyl phenyl ketone ("Irgacure 184" produced by Ciba Geigy), 1- 

so (4-isopropylphenyl)-2-hydroxy-2-methylpropan-1-one ("Darocure 1116" produced by Merck Co.), benzyl 
dimethyl ketal ("Irgacure 651° produced by Clba Qelgy), 2-methyl-1-[4-(methylthlo)phenyQ-2- 
morpholinopropane-1 ("Irgacure 907" produced by Ciba Gelgy), a mixture of 2,4-diethylthioxanthone 
("Kayacure DETX" produced by Nippon Kayaku Co,, Ltd.) and ethyl p-dimethylamlnobenzoate ("Kayacure 
EPA" produced by Nippon Kayaku Co., Ltd,), and a mixture of isopropylthioxanthone ("Quantacure ITX" 

66 produced by Ward Blenkfnsop Co,) and ethyl p-dimethylaminobenzoate, From the standpoint of compatibil- 
ity with a liquid crystal material and a polymer-forming monomer or oligomer, liquid 2-hydroxy-2-methyM- 
phenylpropan-1-one is particularly preferred. 

The light controlling layer comprising a continuous layer of a liquid crystal material In which a 
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transparent solid substancB forms a uniform Ihree-dimensional network structure can be formed by, for 
example, filling a uniform solution comprising (a) a liquid crystaf material, <b) a polymer-forming monomer 
or oligomer and, If desired, (c) a pbotopolymerlzatlon Initiator while In an Isotropic phase Into a gap between 
a pair of substrates having a transparent electrode layer and applying radiation, e.g., ultraviolet rays and 
e electron rays, or heat to the filled solution to cause polymerization curing to form a three-dimensional 
network structure, The solution may be supported between the substrates by coaling the solution on one of 
substrates having a transparent electrode layer with an appropriate coater, e.g., a spin coater, and then 
superposing the other substrate thereon. 

Methods for uniformly forming a network layer of a transparent solid substance on a substrate are not 
70 limited to the above-mentioned techniques. 

The thickness of the light controlling layer may be controlled by Incorporating a spacer into the solution 
to be filled or coated or by previously coating a spacer on the substrate. 

The thus formed three-dimensional network structure of a transparent solid substance preferably has an 
average mesh size ranging from 0.2 to 2 urn. II the mesh size Is too large or too small for a wavelength of 
18 light, light scattering properties tend to be reduced. In order to obtain a contrast sufficient for the end use 
between opaqueness due to light scattering and electrically Induced transparency, the thickness of the light 
controlling layer preferably ranges from 2 to 30 urn, and particularly from 5 to 20 urn. 

The liquid crystal materials which can be used in the second liquid crystal display panel are not 
particularly limited, and any of those usable in the first display panel can be adopted. 
20 Dichrolc dyes which can be used in the guest-host type liquid crystal display panel are not particularly 
limited as far as suitable for liquid crystal use. Examples of suitable dichrolc dyes Include anthraquinone 
dyes, azo dyes, quinophthaione dyes, perylene dyes, coumarin dyes, thlolndigo dyes, merocyanine dyes, 
styryl dyes, and oxonol dyes. These dichrolc dyes are commercially available under trade names of "SI- * 
497" (blue hue), "M-137" (blue hue), -Sl-42e" (red hue), "S-416" (black hue), and M S-344 B (black hue), all 
29 produced by Mitsui Toatsu Chemicals Inc.; "LCD-118" (blue hue), "LCD-208" (red hue), and "LCD-465" 
{black hue), all produced by Nippon Kayaku Co., Ltd.; and W CLD-506 W (blue hue) produced by Sumitomo 
Chemical Co., Ltd. 

The dichrolc dye is preferably added In an amount of from 0,01 to 10% by weight based on the liquid 
crystal material. 

so . The guest-host type liquid crystal display panel can be produced according to well-known methods. 

. A double structure of the thus produced light scattering type liquid crystal display panel and guesttiost' 
type liquid crystal display panel provides a light scattering liquid crystal device of direct view type making a 
B/W or full color display with high contrast and brightness. 

The twisted or super : twisted nematic liquid crystal display panel which can be used as ihe second 
as display panel Is not particularly restricted, and any of known twisted nematic liquid crystal display elements 
for single use can be employed. 

For example, the two polarizers which can be used In the twisted or super-twlBted nematic liquid crystal 
display panel is selected appropriately from so-called normally white or normally black polarizers according 
to whether weight la attached to contrast or visual characteristics. Similarly, the color polarizers or color 
4o filters can be selected without any particular restriction. 

Examples of suitable commercially available polarizers include "LLC 2-81-128" (neutral gray), "8CR- 
18" (red), "SCB-18" (blue), "SCG-18" (green), and "SCM-18" (magenta), all produced by Sanritsu Denkl 
K.K. 

While color filter 8 of panel B In Figs. 7 and 8 is provided between substrate 1 and transparent 
4$ electrode layer 2 on the side farther from panel A, it may be provided between substrate 1 and polarizer 9 
or between polarizer 9 and reflective player 7 on the same side according to the end use, for example 
large-sized display or precise display, or from Ihe economical consideration. 

While not limiting, fixing of the light scattering panel A and the nematic panel B can be effected with an 
adhesive, a curing resin, etc. or by use of a polarizer having an adhesive layer on both sides thereof. 
60 Further, an air layer may be present between panels A and B. 

The present Invention Is now illustrated in greater detail with reference to Examples, but It should be 
understood that the present invention is not deemed to be limited thereto. All the percents are given by 
weight unless otherwise Indicated, 

65 EXAMPLE 1 

A solution consisting of 19,8% of trimethylolpropane triacrylate as a polymer-forming monomer, 0.2% of 
2-hydr6xy-2-methyl-1-phenylpropan-1-one as a polymerization Initiator, and 80% of liquid crystal material 
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(A) having the following composition was prepared, and a small amount of alumina powder having an 
average particle size of 10 urn was added thereto as a spacer. The mixture was filled between a pair of 20 
cm wide and 20 cm long glass plates each having an ITO electrode layer, assembled with an electrode gap 
of 11 urn. The resulting unit pane) was passed under a metal halide lamp (80 W/cm 2 ) at a speed of 3.5 
6 m/mln to Irradiate ultraviolet light at a dose corresponding to 500 mJ/cm 2 on the liquid material to cure the 
polymer-forming monomer. The resulting panel was used as panel A, Observation of the section of the light 
controlling layer formed between the glass plates under a scanning electron microscope revealed a three- 
dimensional network structure comprising a transparent solid substance. 

to Liquid Crystal Material (A): 

n-C 4 K e -^)-(0)-CN 20% 



"-Wi^^^^w 20% 



so 



2$ 



30 



40 



n-C 7 H lS ^(0)-GN 15* 

n-C g H 7 ^H^-COO-^5)-CN 10% 

n-C 4 H e -^H^-COO-^0)-CN i0% 

n-CgH.r^H^cpo-^O^cN 10% 



.-cbh„-(OHOKO>-cn is% 



Phase transition temperature; 77 ■ C (N s I) 

-8'C (C=N) 

45 (C: crystal phase; N: nematlc phase; I: Isotropic phase) 

Refractive index: n a 1.716 

n 0 = 1.509 
An = 0.207 
Threshold voltage (V th ): 1.21 V 

so Viscosity at 20*: 57.1 c.p. 

A general twisted nematic liquid crystal device comprising a pair of transparent substrates each having 
an electrode layer and a liquid crystal material comprising 98% of "RDX-5082" (a liquid crystal produced 
by Rodic Co.) and 2% of a black dlchroic dye "S-418" was set on the above prepared panel A with panel A 
upsidB. ThB cross section of the resulting device Is shown In Fig, 1. 
ee A contrast ratio of (a) the state with panel A "off' 1 and panel B driven at 5V to (b) the state with panel A 
driven at 20 V and panel 8 "off" was 28:1. 

EXAMPLE 2 
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Panel A was produced in the same manner as fn Example 1. 

A twisted nematlc liquid crystal display pane! comprising a pair of neutral gray polarizers "LLC 2-81- 
12S" perpendicular to each other having filled therebetween a liquid crystal material n RDX-50fi2° was 
prepared, and a reflective plate was attached to one of the polarizers to obtain panel B. 
s Panels A and B were set up panel A upside and the reflective plate of panel B downside. The cross 
section of the resulting device is shown in Fig. 3. 

A contrast ratio oi (a) the state with no voltage applied to either panel A or B (Rgs. 3-(a)) to (b) the state 
with panel A driven at 20 V and panel B driven at 5 V (Fig. 3-(b)) was 32:1 . 

! 

to COMPARATIVE EXAMPLE 1 

Panel A was prepared In the same manner as In Example 1. A black back screen was placed on the 
back side ol panel A to prepare a liquid crystal device. The contrast ratio of the device was 6:1. 

76 EXAMPLE 3 

A liquid crystal device having a double structure was prepared in Ihe same manner as in Example 2, 
except that the neutral gray polarizer with a reflective plate was replaced with a red color polarizer "SCR- 
18" with a reflective plate, The resuhfng device made a clear white/red display. 

20 

EXAMPLES 4 TO 6 

A liquid crystal device having a double structure was prepared In the same manner as In Example 2, 
except for replacing the neutral gray polarizer with a reflective plate with a blue color polarizer "SCB-IS", a 
25 green color polarizer "8CG-18", or a magenta color polarizer "SCM-18" each with a reflective plate, Any of 
the resulting devices made a clear color display. 

EXAMPLE 7 

30 A direct view type liquid crystal device having a double structure was prepared In the same manner as 
in Example 2, except for using a TFT (Thin Film TranslslorHwisfed nematlc liquid crystal panel having an 
RGB color filter as panel B. The resulting liquid crystal device made a clear full color display. 

As described above, the light scattering liquid crystal device of double structure according to the 
present invention achieves an extremely high contrast when formulated Into a direct view type as compared 

35 with the conventional light scattering liquid crystal devices having a single panel structure. 

According to the present invention, a combination of the first panel with a guest-host liquid crystal panel 
containing a dichrolc dye and having a color filter or with a twisted nematlc liquid crystal panel having a 
color filter makes It possible to accomplish a direct view type full color display that has been impossible 
with the conventional light scattering liquid crystal devices. 

ao it was ascertained that such high contrast as obtained by using a first panel in which a liquid crystal 
material forms a continuous phase can also be reached by using a first panel comprising liquid crystal 
droplets dispersed In a polymer such as NCAP (Nematlc Curvilinear Aligned Phase). 

Thus, the liquid crystal device of the present invention Is useful as a direct view type display, for 
example, as a computer terminal display. 

45 While the Invention has been described In detail and with reference to specific examples thereof, it will 
be apparent to one skilled In the art that various changes and modifications can be made therein without 
departing from the spirit and scope thereof. , 

Claims 

60 

1. A light scattering liquid crystal device having a double structure composed of (1) a first display panel of 
light scattering type which comprises a pair of transparent substrates each having a transparent 
electrode layer and a light controlling layer formed therebetween, said light controlling layer containing 
a liquid crystal material and a transparent solid substance and (2) a second display panel comprising a 

65 pair ol transparent substrates each having an electrode layer and a liquid crystal material filled 
therebetween. 

2, A light scattering liquid crystal device as claimed In Claim 1, wherein said second display panel is a 
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guest-host type liquid crystal display panel containing 8 dlchrolc dye. 

3. A light scattering liquid crystal device as claimed In Claim 2, wherein said dlchrolc dye is present In an 
amount of from 0,01 to 10% by wight based on the liquid crystal material. 

5 

4. A light scattering liquid crystal device as claimed In Claim 1, wherein said second display panel Is a 
twisted nematic liquid crystal display panel having a pair of polarizers. 

5. A light scattering liquid crystal device as claimed in Claim 4, wherein at least one of said polarizers is a 
to color polarizer. 

6. A light scattering liquid crystal device as claimed in Claim 4, wherein said polarizers are perpendicular 
to each other. 

75 7. A light scattering liquid crystal device as claimed in Claim 4, wherein said polarizers are parallel to 
each other. 

8. A light scattering liquid crystal device as claimed in Claim 1, wherein said second display panel has a 
color filter. 

20 

9. A light scattering liquid crystal device as claimed in Claim 2, wherein said second display panel has a . 
color filter. 

10. A light scattering liquid crystal device as claimed In Claim 4, wherein said second display panel has a 
26 color filter. 

11. A light scattering liquid crystal device as claimed in Claim 1, wherein said second display panel has a 
reliective plate on the side opposite to said first display panel. 

oo 12. A light scattering liquid crystal device as claimed in Claim 2, wherein said second display panel has a 
reflective plate on the side opposite to said first display panel. 

13, A light scattering liquid crystal device as claimed in Claim 4, wherein said second display panel has a 
reflective plate on the side opposite to said first display panel. 

36 

14. A light scattering liquid crystal device as claimed In Claim 1, wherein said light controlling layer of the 
first panel comprises a continuous phase of the liquid crystal material In which a transparent solid 
substance iomns a three-dimensional network structure. 

40 15. A light scattering liquid crystal device as claimad in Claim 2, wherein said light controlling layer of the 
first panel comprises a continuous phase of the liquid crystal material in which a transparent solid 
substance forms a three-dimensional network structure. 

16. A light scattering liquid crystal device as claimed in Claim 4, wherein said light controlling layer of the 
4$ first panel comprises a continuous phase of the liquid crystal material in which a transparent solid 

substance forms a three-dimensional network structure. 

17. A light scattering liquid crystal device as claimed in Claim 1, wherein said Hght controlling layer of the 
first panel contains at least 60% by weight of the liquid crystal material. 

CO 

18. A light scattering liquid crystal device as claimed in Claim 2, wherein said light controlling layer of the 
first panel contains at least 60% by weight of the liquid crystal materia]. 

19. A light scattering liquid crystal device as claimed in Claim 4, wherein said light controlling layer of the 
66 first panel contains at least 60% by weight of the liquid crystal material. 

20. A light scattering liquid crystal device as claimed in Claim 19, wherein said light controlling layer has a 
thickness of from 2 to 30 urn. 
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FIG. 1 (a) 
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FIG. 3 (a) 
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PIG. 4 (a) 
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FIG, 5 (a) 
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FIG. 6 (a) 
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FIG. 7 (a) 
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FIG. 8 (a) 
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